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Abstract 
 
Purpose: To better understand barriers to, costs of and attitudes toward pediatric cataract surgery in China and India.  
Methods: From January 2014 to June 2015, families of children <= 10 years old about to undergo or having completed 
surgery for bilateral, non-traumatic cataract at 2 tertiary centers in China and India completed questionnaires regarding their 
demographic characteristics, financial status, living environment, health seeking behaviors and medical burden. 
Results: In China, 38 children (23 boys [60.5%], mean age 3.11 +/- 2.88 years) were un-operated, and 44 (26 boys [59.1%], 
mean age 5.09 +/- 2.17 years) had undergone surgery, while in India there were 60 (44 boys [73.3%], mean age 4.61 +/- 3.32 
years) and 39 (29 boys [74.4%], mean age 6.45 +/- 2.74 years) children respectively, 181 in total. Chinese children were 
younger at presentation (P<=0.03 for both operated and un-operated) and also when cataract was detected (median [inter 
quartile range] 10 [3-34] vs. 24 [6-60] months [P=0.06] for un-operated, 5 [2-12] vs. 36 [8-72] months [P<0.001] for operated). 
Maternal education levels were lower in India (48.3% and 51.3% with elementary education only among un-operated [P=0.11] 
and operated [P=0.006] families in India vs. 27.0% and 20.5% in China), as were rates of consulting medical practitioners for 
illness (44.7% and 36.4% for un-operated [P<0.001] and operated [P=0.001] in China vs. 10% and 5.13% in India). 
Conclusions: Socioeconomic challenges to securing cataract surgery may be greater, and delays in obtaining surgery longer, in 
India compared to China, if these facilities are representative.  
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Introduction 
Among 1.4 million children who are blind worldwide, cataract is responsible for 10.7-14%,1 making it the leading cause of 
surgically-treatable blindness in children in many resource-limited countries.2,3 The only effective treatment for 
visually-significant pediatric cataract at present is surgery. Advances in instrumentation and technique have led to a significant 
decrease in complication rates, improving the potential for good visual outcomes.4,5 Unfortunately, in low income countries, 
delayed time to detection, lag between diagnosis and surgery and limitations in operative technique may result in poor 
outcomes in many cases,6 with a significant number of children remaining blind due to deprivation amblyopia, surgical 
complications and limited opportunities for rehabilitation, including access to timely and accurate refraction.7 However, 
meticulous surgery can lead to fewer post-operative complications.8  
 
Although there is a considerable body of evidence on why adults with cataract do not access surgery, there are fewer studies on 
children, which requires community-based studies of children with unoperated cataract. A study in Malawi showed that not 
accessing services was associated with low socioeconomic status and low education of mothers, with low levels of awareness 
of cataract and its causes and treatment.9 The main reasons reported by parents were fatalistic views or that treatment was not 
needed, fear of surgery, long distances to and from the hospital and a preference for traditional remedies.  . A similar study in 
Tanzania revealed barriers at the level of the individual, family, community, and institution.10 However, we are not aware of 
any studies from Asia, although there is some evidence that girls with bilateral cataract are less likely to access surgery than 
boys in Asian countries.11  
 
The cost of childhood cataract is far greater than for adult surgery, as specialized surgical centers may lie at a great distance; 
family members need to travel with the child; inpatient stays are longer; hospital charges are higher due to more prolonged 
surgery and the need for general anesthesia; regular follow up is essential for optimal visual outcomes; and children may need 
to change spectacles frequently as the eyes develop. 12,13Although there are studies showing cost as one of the barriers to uptake 
of cataract surgery in China and India14,15, few have investigated the economic impact of cataract surgery on children and 
families. We carried out a pilot questionnaire survey in Shanxi Eye Hospital, China and Vivekananda Mission Asram Netra 
Niramay Niketan, India, to explore the barriers and costs associated with the detection and management of pediatric cataract in 
India and China. The study was designed to provide information for a future trial of financing interventions to promote early 
uptake of surgery and adherence with post-operative care among families with affected children in these settings. 
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Material and methods  
The protocol was approved in full by the Ethics Committee at Zhongshan Ophthalmic Center, Sun Yat-sen University 
(Guangzhou, China) and Vivekananda Mission Asram Netra Niramay Niketan (Purba Medinipur, India). Written informed 
consent was given by at least one parent of all children, and the principles of the Declaration of Helsinki were followed 
throughout. 
Study Setting and Subjects 
The study was conducted in the Shanxi Provincial Eye Hospital, Taiyuan, China and Vivekananda Mission Asram Netra 
Niramay Niketan (VMA NNN), Purba Medinipur, India. Shanxi province (population 36,728,000) ranks 27th out of 31 
administrative units in China,16 with a per capita GDP of US$5349 in 2013, while Purba Medinipur (population 5,095,875 in 
2013) is identified as one of the 250 “most backwards districts” of India, and has a per capita gross domestic product (GDP) of 
US$1338 (2013-14).17 The government-run Shanxi Provincial Eye Hospital is the only tertiary eyecare center in Shanxi 
Province, and performs the bulk of pediatric cataract surgery for the province. VMA NNN is a 100-bed, privately-own, 
not-for-profit eye hospital, consisting of 40 free beds and 60 paying beds, providing eye care services to a poor, rural 
population of approximately 10 million in West Bengal, India. The facilities were selected as having pediatric cataract service 
provision models representative of their respective countries. 
 
From January 2014 to June 2015, we enrolled consecutive families of children ≤ 10 years old presenting with bilateral 
congenital or developmental cataract at the outpatient departments of these facilities. Un-operated children were those having 
visually-significant lens opacities in the opinion of examining ophthalmologists at both hospitals, and operated children had 
received bilateral surgery for congenital or developmental cataract, confirmed by examination of medical records. We focused 
our assessment on the behavior and motivations of families having received cataract services for both of a child’s eyes, as 
those operated in only one eye may represent an intermediate group, for whom barriers to care have not been completely 
removed. Exclusion criteria included traumatic cataract and bilateral cataract with only one eye operated, as trauma and 
previous surgery may have influenced parents’ health seeking behavior.  
Questionnaires 
The present study used 5 sub-questionnaires (1) demographic characteristics and financial status, (2) living environment, (3) 
family quality of life, (4) health seeking behaviors, and (5) direct and indirect medical costs including for transport, food, 
lodging and economic losses due to absence from work. Costs related to transportation, accommodation and medical service 
were calculated based on receipts provided by patients for tickets, lodging fee invoices and bills for hospital services. Salary 
loss was calculated based on subjects’ reporting monthly salary. The questionnaire on family quality of life was developed by 
the Beach Center on Disability, at the University of Kansas.18 Interviewers were trained face-to-face by the study team, 
reviewing each item in the questionnaire with patients and families to clarify any misunderstandings. Investigators interviewed 
each enrolled family alone, with all families completing the first three questionnaires, families of un-operated children 
answering the questionnaire on health seeking behaviors, and families of operated children administered the questionnaire on 
medical costs and burden after completing surgery in both eyes.   
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Statistical Methods 
Data are presented as mean (standardized deviation, SD) or median (inter quartile range, IQR) for continuous variables and 
frequency (percentage) for categorical variables. Family wealth was estimated by summing the value, as reported in the China 
Rural Household Survey Yearbook (Department of Rural Surveys, National Bureau of Statistics of China, 2013), of household 
items owned by the family from a previously-defined list of 13 common objects. Differences in demographic, financial and 
clinical information between operated and un-operated children, and differences between Chinese and India children, were 
analyzed by two-sample t test or Wilcoxon rank-sum test for continuous variables, and Chi-square test or Fisher exact test for 
categorical variables. Wilcoxon rank-sum test was also used to compare findings in China and India in relation to 
health-seeking behaviors and potential barriers to care with 5-point Likert scale among un-operated children, and the cost 
before, during and after surgery among operated children. The items related to spectacle acceptance post-operatively among 
operated children were compared between China and India with Chi-square test or Fisher exact test, and Wilcoxon rank-sum 
test for cost to buy glasses. All cost data were converted to purchasing power parity, which is measured in terms of national 
currency per US dollar.19 Statistical analysis was done using a commercially available software package (Stata 12.0, StataCorp, 
College Station TX, USA). 
Results  
A total of 181 children presenting with bilateral congenital or developmental cataract participated in this study. In China, 38 
(23 boys [60.5%]; mean age: 3.11 ± 2.88 years) children awaited surgical treatment and 44 (26 boys [59.1%); 5.09 ± 2.17 
years) had already undergone surgery. In India, the figures were 60 (44 boys [73.3%]; 4.61±	3.32 years) children and 39 (29 
boys [74.4%]; 6.45± 2.74 years), respectively. In both countries, boys comprised more than half of each group, with India 
having nearly 75% male participants (Table 1).  
 
Comparing un-operated and operated children in China, there were no differences in parental education level, mother’s 
occupation,	number of siblings, and distance to the nearest facility (Table 1). However, economic status was a significant 
predictor of uptake of pediatric cataract surgery in China: families of operated children were wealthier, possessing a median 
estimated wealth of US$2,458 (IQR: $993-3,238), compared to families of un-operated children US$1,480 (IQR: $840-1,905, 
 = 0.002).	Similarly, 56.8% of Chinese families with operated children indicated that they did not encounter issues paying 
for medical services ( = 0.001), while 71.1% of families with un-operated children relied on borrowing money from within 
the family or from community members ( = 0.003).	The proportion of families seeking medical advice from another family 
member, rather than medical personnel, was greater for un-operated (5/38 = 13.5%) than operated children (0/44 = 0%, P = 
0.012).  
 
Wealth, payment for medical services and having sought medical advice did not differ significantly between families of 
operated and un-operated children in India. However, Chinese children presented to hospital significantly earlier than Indian 
children, came from significantly wealthier families who were significantly more likely to describe health expenses as “not a 
problem.” Chinese families were also significantly less likely to rely only on relatives for medical advice, the parents were 
significantly more likely to have ≥12 years of education, and mothers more likely to work outside the home (Table 1).   
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Information on barriers to care and attitudes towards the service was obtained from families of un-operated children (Table 2). 
In China, lack of awareness of the child’s cataracts (78.4%) was the most commonly reported barrier. Families exhibited 
confidence in understanding the doctor (70.6%) and in eventual improvement of their child’s vision (80.0%), and 48.5% felt 
able to comply with the provider’s recommendations. By comparison, the large majority of Indian families were aware of their 
children’s eye problems (81.4%, P < 0.001), and a significantly smaller proportion than in China clearly understood the doctor 
(39.0%, P < 0.001), complied with doctor’s recommendations (7.02%, P = 0.006), and had confidence in their child’s recovery 
(8.89%, P < 0.001).  
 
Table 3 summarizes the costs incurred before, during, and after surgery among all operated children. Total cost of surgical 
treatment was significantly greater for Chinese than Indian families across all three stages of care (all  < 0.001), with a 
median cost in India of US$55.5 (IQR: $27.7-76.7) during surgery, compared to US$3,800 (IQR: $2,922-4,755) in China.  
 
The quality of post-surgical care among operated children was assessed by a survey of spectacle acceptance (Table 4), as 
glasses are commonly needed to correct residual refractive error after surgery. The proportion of families who reported 
receiving instructions to get glasses (China, 88.4% and India, 86.8%, P=NS), successfully obtained glasses (China, 90.7% and 
India, 81.6%, P=NS), and ensured that their child regularly wore them (China, 87.2% and India, 93.3%, P=NS) were similar in 
both settings. However, the cost to buy glasses was significantly greater in China (median $997, IQR: $513-1,708) than in 
India (median $0, IQR: 0-17.7, P<0.001).  
 
Discussion 
Un-operated cataract is a leading cause of blindness in children globally, and can be treated only with surgery. Furthermore, 
early detection and timely treatment are crucial for maximizing visual acuity and preventing amblyopia,20 which poses a 
challenge to ophthalmologists, patients, and parents21, 22 For these reasons, it is crucially important to better understand the 
pathways and barriers to securing timely access to cataract surgical services in low and middle income countries, where the 
majority of the world’s blind children live.23 India and China were selected for the current study as the world’s two largest 
countries, with very different approaches to healthcare provision, principally through government facilities in China and 
largely in the private not-for-profit sector in India. 
 
In our study, family educational levels and health awareness was far lower among patients at the Indian facility than among 
Chinese patients. Despite the far lower surgical costs for Indian families, and similar mean distance to travel for care, age when 
the eye problem was noticed and age at presentation were a year or more later at the Indian facility. We hypothesize that the 
lower rates of maternal work outside the home, tendency to rely only on other family members for medical advice and the 
greater likelihood of having to borrow money to cover hospital expenses in India may all have been causally associated with 
delays in access to surgical access among families attending the Indian facility. Likewise, evidence of greater health efficacy 
among families at the Chinese facility (greater likelihood of understanding the doctor, willingness to ask questions, more 
confidence in following medical instructions, and in the positive outcome of care) compared to those at the Indian hospital may 
have functioned causally to bring children into the healthcare system earlier in the Chinese setting. Boys made up the majority 
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of children operated in both settings, but this was particularly striking in India, where three-quarters of operated children were 
male, as has been previously reported.11 
 
A number of factors distinguished families of children already operated for cataract in China from those not yet operated, 
including greater family wealth and greater likelihood that money was “not a problem,” lower reliance on family members for 
medical information and lower rates of current family illness. Taken together, these findings suggest that while access to 
cataract surgery seems generally to have been smoother at the Chinese compared to the Indian facility, important barriers still 
existed, and were delaying some families from accessing surgery in timely fashion. 
 
Other studies provide similar reports of delay in presentation for cataract surgery in India and nearby Nepal in children with 
bilateral cataract.8,24 As in the current study, factors associated with late care-seeking behavior in India include lower 
socioeconomic status,25 and lower education levels.9 Though evidence regarding cataract service uptake is less prevalent in 
China, a study from Shandong, Shanxi’s neighbor to the east, revealed that nearly half of pediatric patients with bilateral 
cataract was recognized by 6 months of age.26  
 
Strengths of the study include the fact that children and families before and after surgery were assessed in two very different 
settings using identical protocols and questionnaires; data completeness was good; a broad array of topics relevant to 
health-seeking behavior were reviewed; and the facilities were large, covering substantial populations. Weaknesses must also 
be acknowledged: only a single facility in India and China were included, and there were substantial differences between them 
in crucial areas such as provision of free care, with 40% of the beds at VMA NNN being reserved for free cases. Thus, 
institutional differences, including the quality of care provided at each facility, may have had a substantial impact on observed 
inter-country variations. However, it is also true that government-run, provincial level facilities such as Shanxi Provincial Eye 
Hospital are typical of those providing pediatric cataract surgical services in China, as is the fee structure reflected in our data, 
with substantial co-pay fees. Similarly, large private facilities such as VMA NNN with a major service commitment are very 
common providers of pediatric cataract services in India. Care must be taken in generalizing the findings of our study to other 
centers in India and China, as the two centers included in this study are recognized centers of excellence which serve specific 
catchment populations.  
 
Despite these limitations, this study is one of the first to examine factors associated with having received and not yet received 
cataract surgery in two very different healthcare systems which cover a substantial proportion of the world’s children. From a 
practical standpoint, our study results suggest that health efficacy, education, maternal work outside the home and related 
factors may play an important causal role in timely uptake of pediatric cataract surgical services, as has been found in other 
areas of healthcare.27 Interventions designed to foster these factors may help to reduce the burden of un-operated cataract on 
children’s vision. 
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Table 1: Demographic, financial and clinical information for operated and un-operated children in India and China  
Characteristics 
Chinese  India children 
P-value  
comparin
g China 
and India 
Total 
(n=82) 
Cataract 
un-operated 
children 
(n = 38) 
Cataract 
operated 
children 
(n = 44) 
P-value 
comparing 
operated 
and 
un-operate
d children 
 
Total 
(n=99) 
Cataract 
un-operated 
children 
(n = 60) 
Cataract 
operated 
children 
(n = 39) 
P-value 
comparing 
operated 
and 
un-operated 
children 
Age, years, Mean (SD) 4.23 (2.67) 3.11 (2.88) 5.09 (2.17) 0.001†  5.33 (3.22) 4.61 (3.32) 6.45 (2.74) 0.005† 0.018† 
Boys, n (%) 49 (59.8) 23 (60.5) 26 (59.1) 0.895‡  73 (73.7) 44 (73.3) 29 (74.4) 0.910‡ 0.046‡ 
One/both parents with ≥12 
years of education, n (%) 
22 (27.2) 10 (27.0) 12 (27.3) 0.980‡  14 (14.1) 11 (18.3) 3 (7.69) 0.237‡ 0.030‡ 
Mother works outside the 
home, n (%) 
33 (40.7) 16 (43.2) 17 (38.6) 0.674‡  3 (3.03) 3 (5.00) 0 (0.00) 0.276‡ <0.001‡ 
Estimated family wealth, 
US$, Median (IQR) 
3,005 
(1,555-5,080) 
2,739 
(1,555-3,526) 
4,549 
(1,838-5,994) 
0.002§  0 (0-914) 0 (0-731) 0 (0-914) 0.623§ <0.001§ 
Number of other children in 
household, mean (SD) 
2.41 (0.89) 2.38 (1.01) 2.43 (0.79) 0.790†  2.12 (1.05) 2.00 (0.90) 2.31 (1.24) 0.156† 0.054† 
Total number of adults living 
in household, mean (SD) 
2.78 (1.10) 3.14 (1.27) 2.48 (0.85) 0.007†  4.01 (2.38) 4.05 (2.15) 3.95 (2.71) 0.837† <0.001† 
Only source of medical 
advice for sick family 
members is a family 
member, n (%) 
5 (6.17) 5 (13.5) 0 (0.00) 0.012‡  70 (70.7) 46 (76.7) 24 (61.5) 0.106‡ <0.001‡ 
Distance between household 
and nearest hospital, 
(kilometer) , median(IQR) 
9 (3-20) 9.5 (3-20) 7 (2-15) 0.798§  10 (3-15) 10 (3.5-12.5) 6 (3-15) 0.556§ 0.890§ 
Source of money for medical 
service* 
          
Not a problem 33 (40.2) 8 (21.1) 25 (56.8) 0.001‡  5 (5.05) 4 (6.67) 1 (2.56) 0.645‡ <0.001‡ 
Borrowed from family / 44 (53.7) 27 (71.1) 17 (38.6) 0.003‡  76 (76.8) 46 (76.7) 30 (76.9) 0.976‡ 0.001‡ 
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community member 
Reduced other family 
expenses 
24 (29.3) 9 (23.7) 15 (34.1) 0.302‡  1 (1.01) 1 (1.67) 0 (0.00) 0.999‡ <0.001‡ 
Other 17 (20.7) 7 (18.4) 10 (22.7) 0.631‡  19 (19.2) 10 (16.7) 9 (23.1) 0.429‡ 0.796‡ 
At least one member of 
family currently sick n (%) 
27 (32.9) 18 (47.4) 9 (20.5) 0.010‡  15 (15.3) 10 (16.7) 5 (13.2) 0.638‡ 0.005‡ 
Age of child when eye 
problem first noticed, 
(months), median (IQR) 
5.5 (2-24) 10 (3-34) 5 (2-12) 0.238§  28 (7-72) 24 (6-60) 36 (8-72) 0.125§ <0.001§ 
Number of times child 
received care for cataract, 
Median (IQR) 
6 (3-6) 3 (1-3) 6 (6-6) <0.001§  3 (1-6) 1 (1-3) 6 (6-6) <0.001§ <0.001§ 
SD = Standard Deviation, IQR= Inter Quartile Range, USD = United States Dollars, 1USD=3.51 RMB, 1USD=16.9 INR, all values are given in terms of 
purchasing power parity 
*Binary variables were created for each choice. 
†Two-sample t test.  
‡Chi-square test or Fisher’s exact test. 
§Wilcoxon rank-sum test. 
  
Page 10 of 13
URL: http://mc.manuscriptcentral.com/nope
Ophthalmic Epidemiology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
Table 2: Health-seeking behaviors and potential barriers to care: un-operated children ONLY. (Proportion of families that fully or mostly agreed 
with each of the statements, on a 5-point Likert scale.) 
 
Statement 
China (N=38) 
Cataract un-operated 
children, n (%) 
 India (N=60) 
Cataract 
un-operated 
children, n (%) 
P-value 
comparing 
China and 
India* 
I was not aware that my child had an eye problem 29/37 (78.4)  11/59 (18.6) <0.001 
I understood most of what the doctor said to me 24/34 (70.6)  23/59 (39.0) <0.001 
I asked questions of the doctor 24/33 (72.7)  3/59 (5.08) <0.001 
I will have no difficulty in following the doctor’s recommendation 16/33 (48.5)  4/57 (7.02) 0.006 
I am confident that the child’s eyes will get better 28/35 (80.0)  4/45 (8.89) <0.001 
*Wilcoxon rank-sum test. 
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Table 3: Costs of surgery, for operated children ONLY (all figures are in United States dollars (US$))   
Item 
Before surgery  During surgery  After surgery 
China India P-value*  China India P-value*  China India P-value* 
Transport, median (IQR) 
59.8 
(18.2-102.5
) 
18.9 
(11.8-29.5) 
<0.001 
 
59.8 
(28.5-113.9) 
11.8 
(5.90-21.3) 
<0.001 
 
56.9 
(25.6-102.5) 
17.7 
(11.8-28.3) 
<0.001 
Food, median (IQR) 
14.2 
(8.54-17.1) 
5.31 
(4.13-7.08) 
<0.001 
 227.8 
(153.8-284.7) 
8.85 
(3.54-14.2) 
<0.001 
 17.1 
(8.54-19.9) 
5.31 
(3.54-7.08) 
<0.001 
Accommodation, 
median (IQR) 
28.5 
(17.1-34.2) 
8.85 
(4.13-14.2) 
0.001 
 99.7 
(28.5-341.7) 
5.90 
(2.07-9.44) 
0.002 
 22.8 
(17.1-34.2) 
5.61 
(0.00-10.6) 
<0.001 
Salary loss for 
accompanying family 
members, median (IQR) 
56.9 
(28.5-85.4) 
8.85 
(0.00-29.5) 
<0.001 
 
569.5 
(498.3-854.2) 
16.5 
(0.00-35.4) 
<0.001 
 
99.7 
(42.7-441.3) 
8.85 
(0.00-29.5) 
<0.001 
Hospital cost, median 
(IQR) 
9.25 
(6.05-13.6) 
59.0 
(5.90-82.6) 
<0.001 
 2,681 
(2,278-3,678) 
0 (0-0) <0.001 
 1,160 
(386-2,000) 
20.7 
(14.6-62.0) 
<0.001 
Total cost, median 
(IQR) 
146 
(89-225) 
90.9 
(51.6-145) 
<0.022 
 3,800 
(2,922-4,755) 
55.5 
(27.7-76.7) 
<0.001 
 1,290 
(555-2,782) 
80.2 
(48.7-123) 
<0.001 
IQR= Inter Quartile Range, USD = United States Dollars, 1USD=3.51 RMB , 1USD=16.9 INR, all values are given in terms of purchasing power parity 
 
*P-value comparing China and India. Wilcoxon rank-sum test was used for all comparisons.  
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Table 4: Spectacle acceptance post-operatively, among operated children ONLY 
 
 
Item 
China (n=44) 
Cataract-Operated 
children 
 India (n=39) 
Cataract-Operated 
children 
P-value comparing 
China and India 
Parents told to get glasses for their children, n (%) 38/43 (88.4)  33/38 (86.8) 0.835† 
Parents successfully obtained glasses for their children, n (%) 39/43 (90.7)  31/38 (81.6) 0.332‡ 
Cost to buy glasses, median (IQR), US$ 997 (513-1,708)  0 (0-17.7) < 0.001§ 
Parents state child regularly wears glasses, n (%) 34/39 (87.2)  28/30 (93.3) 0.690‡ 
IQR= Inter Quartile Range, SD = Standard Deviation, USD = United States Dollars, 1USD=3.51 RMB, 1USD=16.9 INR, all values are given in terms of 
purchasing power parity 
 
†Chi-square test. 
‡Fisher’s exact test. 
§Wilcoxon rank-sum test 
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